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(57) Abstract: A system for correctly evaluating a price or risk distribution of a financial product or its financial derivative by 
introducing a probability density function with higher precision than that of a normal distribution and a dealing system to which the 
evaluating system is applied are disclosed. The price risk evaluating system comprises an initial value input unit (3), an evaluation 
condition input unit (4), an input unit (8) for inputting the speed and direction distributions of an evaluation object, a Bolzmann 
model analyzing unit (5) for determining a price or risk distribution by repeating price fluctuation simulation for a financial product 
being an evaluation object using a Bolzmann model by the Monte Carlo method under the evaluation conditions, a random number 
generating unit (9), and an output unit (6). The dealing system (100) applies a Bolzmann model (103) in financial engineering to 
an option price evaluating method and enables unique option price evaluation neutral in risk in consideration of the leptokurcity and 
fat-tail of price fluctuation distribution. 
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2 5 Dm=Cra+ (1/3 6 5) [*] t&*„ *Mft>,ttlT**. 

d ®*| 1 OffftttSSH 6 (C^To EI 6 \Z*T «fc 5 lCtttt®3»ft 2 1 (#ft 

<092> : a 2 =0. IT, r = 0. 05tr = 0CD*^ 
H 3 ®7P-?t - M:,Tf xCKSHAmtBmU, Am=-oo, Bm=+oo 
T, PSMtOKWCmiDmll <5 t =i [ H ] T0*5 3 6 5 [B] ©365 
KMT**. WMo.ttxT**. B7fc*tJ:3(:K<j7^*5i^i 
Mtt2 3. KU 7 h*sttfr>«*03ttft 2 4©^^|fi^ 2 5 i 2 
15 lTt^;i^§„ 



20 
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4 1 

g 3***ft t m a <omm<D g %m & t <Dm<Dmm & vt-tz* ^ne.© 

^ h;i/«, ^gp (x, v, u ; t) ©x, t©^T»19ST*$n5. 
10 [ft 1 9 ] 

S(v) = J* dtd/zdx • p(x, v,/x;t) 

'> : S_ (v)) 2 8chiE^[S] mfeomm: S + (v)) 2 9^n^n7-^7 

15 [ft 2 0] 

S_(v) = Jdtdx p(x,v,-l;t) 
S + (v) = j*dtdx p(x,v,l;t) 

20 fE)Z!iT^^)o 
[ft2 1] 

f(v)« gexp[yv] 
gexp[y v] + £ - g 

z\z\~d\ v, k. c, g, r'tettlcG^ftT&S. 

^ne.n 2ocd^o (^^#43 o <hHM#43 i) cioTS^nsrot, 



10 



15 



WO 01/16819 

PCT/JP00/05755 

4 2 . 

^**»WBf«fS (v', tf '-» v , w) ^ Hi OtHl lfc^iSitfjcHL 
[££2 2] 

C»2 3] 
20 f (v) a vexp|~Yj 

rtfc2 4] 

ln(f(v))- ln(v)= -JL +C onst 

T 

25 H i 2 £Hff 1 ft^r. ^E©JS£»«. fiflFTCffiST*. H12H 

*2 5m«. BlSftftftv.' WTOWRt 
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PCT/JP00/05755 



4 3 



US 2 5] 



£s(v ' — * v) oc vexp - 



v 



3.5533v a + 0. 1023v '+ 0.0044 



t, - 1 tem&<Dm'pzmv£Tz>o ^str^-m. #isj#*jra:&2 6jCT#*.e> 



io i«^i#LaJts«*p (i — i ; t) tffifetfT&vmi&mmp (-1 

— 1 ; t) <D5 Bm<D¥i%&mi 4 (C^T. ■7-i?3 6}l «&(D±#^£ 
±#^©^fcf? (1->1 ; t) DV— ^3 7tt» fate©TI$J&>£TPI'MD* 
tip (-1— -1 ; t) tttl^tiTfrt. *HHiH3 8 £:fcnflfc»3 9 tt, 

15 [»2 7] 

P(l->-l;t) = l-p(l-»l;t) 
p(-l — l;t) = l-p(-l^ -l;t) 

s«6* i36) tmte&T&is-D^ttzmm m*. 037) fimmt 



im.2 6] 



At;t) = . 



#(1 — i;t) 

#(-l-*l;t) 
p(l^ -l;t) 
— -l;t) 



15 



WO 01/16819 

PCT/JP00/05755 

4 4 

hi sic, ms^mm^t^^^m^tt^y^^^o^^ 

*^-*tt.- lBTttlO/^tVKOilttfl: (^>>^) 4 3»7f^t. 

□ 4 4 tA4 5 tt. #;^T>* ^Ute J:*^3 - U-> 3 
Cn5fi ' *«^-^ 4 2 t >^4 3 t» Lf C y t >^ 4 6 Z<D 

io 5lT(iiST$§„ 

£*lfc*#LT. ft*©^*^ (116^+47) Z<DX*>K&mK 

2 0 0 B*©^©»ft©#* ^ ^ h Lfeo ^ &g| x 7 ^ 

tv^. ae*©***^*, mi7<Dmm<D&m4 & mmwox*. mm 

m&ifiO. 2 9) T^T. #^7>t5 i M, ^K. j7hLm (B4 
Lfc*f$**M& (H*©ttft5 0) #;ky^>*^©»± 2 . 5aC| 

25 ^TttWtS. ±aSLfc«*f«Ttt, =M«»WFffi«t H LT. &2 2it©« 



WO 01/16819 



PCT/JPOO/05755 



4 5 



10 mz. mfeftft<Dmtiz&^T}mmmsmkisfcMe;iz-D^TmwTz> 0 
is mm#7 7-'( *j7-j&jEm\zm.ozt&~t:%z> 0 



-f dv'dM *2 s (0(x, v, p; t), v\ ^ ' -* v,/i)0(x, v',j* t) 

^(c, mmmmft<D&m<Dm*(Dwmz'D^Tmw'fz>o m.i o^ommmm 

1 9 90^2 0 0 B<Dffl<D&:M0) 1 l^rafcWTSflESMftKSrl? 

25 Tfe^o 

izMt>*>-f, &M<Dmm tT777^<(> (x, v, « ; t) **3£i-a. 77»y 



[££2 8] 



d<p(x,v,f*;t) 
vat 



a0(x,v,^;t) 
dx 



+ 2 t (0(x,v,/x;t),v)0(x,v, / u;t) 
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4 6 

?X<t> (x. v, ix \ t) ffijg^ffl t Sr^T-Sdtd^T^SO-r, 19 

90^200 bok^oo imm<Dm^mm.p&. $c2 9^.xiev<^^z 

[1:2 9] 

P=f dt 4>(x,v,A*;t) 

10 #fc^<£>T, !?# pltt T -5 „ 

*B ii&C<DmM& r £1<T, ^B^^CCD^cmTO exp (-Z t • r) 
fdtfmmL. KBili^UTil^/O^bLTl/r^MiE^ckO, &B 
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4 7 

»3 0£<B#T*5fit#:77s/£X<f>* (x, v, u ; t) 
[&3 0] 

, ^v,m;0 a»'(xv,M;t) + . 

vdt dx 
-J'dv'dAi , 2 B (v,A« — v',A*>*(x,v',iu';t)-S*(x,v,^;t) 
Bi^HfiS* (x, v, u ; t) OMit*5^(iD»3 lSTjDISnSfcO 

10 ©assfiss-r. 

[&3 1] 

(S*(x,v,/i; t)0(x,v }J u;t)) = J*dvd^dxdtS*(x, v, t)0(x, v, ; t) 

-ciT, isgf#Mcs* (x, v, /z ; t) \t&nfcFn^fe&Mm$imFn<Dmi& 

15 Ltctf-oT. mfty^yPXd)* (x, v, i± ; t) fcJt^JLfcm*S:&ffi3S 

[He 3 2] 

dxj = jUjdt + a 1 y/dt^ 1 
dx 2 = ju 2 dt + a 2 VdT§ 2 
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4 8 

5 [t3 3] 

v x at axj 

-Jdvld/u^^v;,/^; v 1 ,A* 1 )(^ I (x 1 ,v;,A* 1 ';t) + 0 2 (x 1 ,v;,jM 1 ';t)) 
- ^(x 2 ,v 2 ,^ 2 ;t) = ^ a0 2 (x 2 ,v 2 ^ 2 ;t) + 2 ( ;t) 

v 2 at ax 2 

-J* dv 2 diU 2 2 s (v;, -» v 2 , /* 2 ) (^(x 2 , v 2 , t) + 0 2 (x 2 , v' 2 , ^; t)) 
[*3 4] 



dS - a(S,t)dt + b(S,t)^| 



15 wmizmw)istzffi£.ffiF a <DffifeF (s, t) »3 5i©«k5i:^to$n, m 

Iffc3 5] 

aF 



dF = 



fdF aF i L2 a 2 F\ 

+ a — + — b 



+ b^VdT§ 
as 



at as 2 as 2 / 
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4 9 

mzttwt z> m^\z mm<D7£m izm^xm^ £ ntzfe&cDm&wm y* t- 

^l^T^^l^efc^ffite^te^ Ell 8 

\z9*-?£o izmmmmzffife&mmt v tc^mitmm \z =t 6 r-^ «t ^ & . m 

18©l?-^5 1tt2 0Bt, A7-^5 2tt6 0Bi, ♦^-^5 3^10 
O0t, □?-^5 4ttl2 0Bi. A7-^5 5H16 0BE O^— ^ 5 6 

io U2 o o B^com^^^^n^n^-ro *u±2. 5a^i*iT«iE 

®(Dft&z/XTA>m?m<DMm\zm^fch<DX'&n&. m^^^jiy^y 

mmz, *mn<Dmmmi'7.T^<Dmm\z^^xmwtz> e &mwtz, =e 
20 > ; ?-i])i>nm&mffiz£fe<Dmm±i'rz>. ^y^-tu^nmitmmmmiz^fommit, 

^ogtt, m\mmz&&&mt\zMisX\*&<(D'mm*n~D a *mwit. 
y^y^)V(Dmmz^^mm^y^ts)vum(D^m^m^x^^<D'T:\ 

moc p uK#is d i tccfc t> , mmwizm^rccpu<Dmiz u&j&v^t. 
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5 0 

^*&»#JJJg P (S, r) Sffl^T, Hfc 3 6iS£$:3 7^(Dli^ 

15 [ft3 6] 

Call(K,r) = e" rT J*^dSP(S,T) (S - K ) 
[#3 7] 

Put(K,r) = e" rT J* o K dSP(S,r) (K-S) 

s«^«sw, xtt»»!*T©»ira» rmmmmTm mm^-v 

#3 6S;ttiiS|»IBtCfT«ffi»KTI^«S&i»A-rs*fiJ (3-;^^->3» 
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5 1 



<7)5£ (BS^) &3 6it£$:3 T^O'JX^^MM'JS^^CO^S 8 



[»3 9 3 

Call(K,r) - SN^)- Ke" rT N(d 2 ) 
10 [I&4 0] 

Put(K,r) = -SN(-d,) + Ke- rT N(-d 2 ) 

[»4 1] 



15 ±fS<£>3& 3 8 t3 9S, |&4 0^©/t7^-^a«iiMi(l$ <#75V 



5 



[»3 8] 





d 2 = dj - a VT 
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5 2 

^7!)>litf^ (0 2 OCDE&^C 1) tttSTiS^i^^S. ^n*a 
2 0<7)egiJ»#5OH^iR3$mC2 < i:Jt«rr«<i:. £»©*#S*^<n>j&£|Jfc«- 

Offifit^-jftt5!i?7f^ 'Jr-r^>^7< K^7f^ Ur>f (IV) £ 
<r>3. B22Ci7-^M5 1H Bl2 2 5W^h^> 3 >Hio 

02 2©k7h'JM5j?7r^ Uf-f £f5£n^3 0 %<£>7K¥^-1' >C 4 tt, 
<fc®Mffi»*<^Ltr>/& (lffftl&/IIiM=i. 0 0) ^4>>6(cLT-r> 

mtm^frizuzmmmmzmTz £*>%}*> tiT^z, 

MIS* t^yaXO^Ittt, ^--Jry NT<0flfc5lfl&fe£SK:, -f>y^<K 



WO 01/16819 PCT/JP00/05755 

5 3 

#7-r>r Uf^fThU y 2 7.teyf7°is3 >{S5mW&lk£ LX— Sfifcgj Lfzlb 
±821. ©^Ji-f>y^-f h*3j?7f-f UT^^KWftRlgT. -07°7-( 

u^TttfiMfeT^ft^. ±IS2. jan^y vm*sm> 

15 V^ZE^^Tct^feflfi^KW/jN^^^-e^^T^T (Leptokurcity) , tifife^ 
Mfr<O*#^gB#-T?*gj£7&*0 (Fat-Tail) i^oTl^^iSSi^^^nt^ 

<£>„ 

g]2 3l£-€-0>— M&^LT&Zo EI2 3C*3lriT. ^OS^iR^^^-Ta 
-?-;7M5 2te, IE£#^C6«fcgfc4«'frT3k9, W^bTl/^. C(D=fc^) 
20 Mfe?*^^?^ 02 44", ■ "7—* M 5 3 7^T=fc 5 BSitTffl^T 

u^-f ) «/h*<. ta*HB»^2. o^±<t2. 5&,TT"<Dmmmm 

-7 , <h^F^^it^D^SH<h#AbnTl^„ Cn«t|W|«<Z)ai»^, John c. 
Hull, "OPTIONS, FUTURES & OTHER DERIVATIVES, Fourth Edition", Prentice-Hall 
International Inc., 2000, chapter 17 T' hMfirl £ tlT^-So 



W ° 01/16819 PCT/JPOO/05755 

5 4 

{RfeMWiftftiCD Fat-Tail tt, H 2 0<hd2 1 lZ9jk£tlT^Z>&m<0mfe&WlC 
T. Fat-Tail £JE&$Hr<h£< S^SiS^MTffllifC^ ^ £i±3 -» 

Leptokurcity £ Fat-Tail <7>*NHt £^5lT#T(^£„ V >^g^;T^^ 

(&2 6 5£<&p - w ; t ) = l/2<&»^) t-TSi, ^ 

a >ti&faW-tifii\ZMM't : & iliT, 'J t-w 7MJ y P XCD^^&ofj: b U> 

Ttt. Leptokurcity £#Srr<Sfc«>(£, ««Mf (v) iCT^y^xM)*© 

[»4 2] 

f (v) a v exp 



T(v') 

3R-r*t)©-e*S. ^-<D|8iM#J£!II2 5(3^-r o i2 5K*5tr>TB-7-*M5 5 
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5 5 

[t43] 

T(V) = T 0 (l + c 0 V + g 0 v 12 ) 

6) ^S^^T^T^^Cli^^^o 
112 6tC^t-B#i|X&^«MtfJ& Fat-Tail ^Itl^. ^.y^ >#7fJ^ 

1&4 4] 



c i 2 ^;u^t> ; et';kd^t\ ^n^n^^-e©w^^4 oetsoa 

25 M£-V(Dnfflrf4 o B £8 0 S<D±J£-?££o 

uOi2 7«^e., yt>7 P: Ef;i/C 1 3, C 1 4 \ttf)ly T t^UC 
11. C12d:f9t)*7T'f l Jf^^t</ < £0, X^-r;i.^-ycDffi^t>/jN$ 



WO 01/16819 
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5 6 

[£fc4 5] 

dS i— 
— = -Akdt + of Vdt + r7 

m 2 8 ROT 2 9 tt, ^IfiOJgfto^w - 'J >i/yXfA 1 0 0 ®«!j$£;k 

LTt^o :©->7fA10 0(t #8B<Z)V— Jry h^-^-X 1 0 1 iiiff 



WO 01/16819 PCT/JP00/05755 

5 7 

ICtOt^yg >fffit&M^H^T^^;U^T>^E^-';Ht^X>>-'> (B MM) 
1 0 3t. COBMM1 0 3<Z)tB^TS*yv3 >y°?1 F^tV 

U5^ (iv) i:fitM>^h'*'7T^Jr-r (iv) 7^jU3?i04 

5 »f — f>^7i- 7s (GUI) iLTCD^V-'J >^iflB*l 0 5^ 

flT^Jl/7-7> : &TJHl-IX>y> (B MM) 10 3H El 2 9 KaVrfltJ* 
^>t7^M£#r£&5, Attl^^iiL/TWGU 110 5 (El 2 8 K*5tt<5 

0 1 (hJfc&SftTtr**. 

is ffiapsBafseffisu i 6 . -immimm.u 1 7 , ±«ff ^t^sp 1 8 , mmmm. 

-TSfcOTtefc:^. #J*J£\ *->XfAl 0 0 L L/T^7< 7> h • It- A->X 

25 0 , c 0 , g 0 £#^y^>^5*ju#*raB5KA2f-fs. zo/^^^-zitmm^ 

-frfrbftZn*. £P2;L<te, ffl^«A*BB3*^M^*Wt!|MffiXtt«cfflfiffi 



WO 01/16819 



PCT/JPOO/05755 



5 8 



15 GU I (fcLT©^ — U>^S»5fcl 0 5*i, *y7fA©j3lI©itlM 
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5 9 

mmfmxit. mm*. ^<(Dw^mm^-^^m^^t^x^^ e cn^om 
if-^ttT-y^ hf-^^-^ ioi izwmtstix&io* ±mmm • mmm 
lA^iy^Aioiixr'^^T. f-^^i o i (Dmmf— z&m^^x 

5 0 3 0 ©fell© A 2 i A 3 ©IlXf 7^1 mkmWTz$>% 0 A2(D 

h U y X $:5i^-r £ 0 A 2 ©MIX y 7°Xl&mWte y V * > h 

10 #«fcg£:£ftTHfc. 

^HWiOf^-'J/^/yXfAl 0 OTH, A4©ll7r7 7'l:^i 

(ft4 3iO3o©iftT 0l c 0 , g 0 ) £ BUTT'S. 

15 fit- grrnte\ ASoffl-sxT-^^tcji*, mjS^oB^jR^to— a 
<h^-r^>o uRtctt. wmfcmmfow&&mmx%z>z.£fo%tU(Dx\ 

A5A^A6^©in (0 3 0»C*5Jt*^^fl![i») »Mi^5I<i:^ 
A3 0fflS^T-yytC^ffT«>. ^^^40^1777^/^7 



WO 01/16819 PCT/JPOO/05755 

6 0 

&mm-?z>. ^juy^y^e TfrT'Pm Lfza frm^ifimwsKo a t - 

wm* ta> b >m&wm\z t ^ xm^w^m t ^ a s . 

mm^x\ ^mte±<mvx&z>o m*<D&mmz. &4 3^<0 3o<z>«ftT o , 

fco-r&s. gg*. cziTttjiK. ^o d p, ^ *«. m& &1H. 

5, @3 1>f0$iC2l, C22, -, C2 7HtXh'J*M7f^Jf^ 

bi 0 %<Dm<Dmm&7Kis. n-^-^imscDBfr^m^i o%a^i 5%<d 
mourner* 

03 1TB, ^in^ 31Mg^tx h 'J^3M7T^ U f ^ C 2 1 , C2 
2, C2 7K::fc:fctmj±^JLW3;i££^LT^£„ titlBOBfrW 

ra^^7°->3 >«SM<DfliJ£[I] 3 2 tm 3 3 fC^T. IH 3 2 

^>3 >«£^Mte£<75it£^K-f 0 133 h;t-y-> 3 >mmm<D 



WO 01/16819 PCT/JP00/05755 

6 1 

mt\ m.mty°y h*7°is3 >m&ti%&mtotir£<Dt£-e&2>o m32tm33 

T. IiC3 1, C 4 1 £ — 3 2, C4 2\$tf)Wy^>=E7')l\Z&Z>m 
ffi-C\ f tlf niiSTOif a W2 0 0 <!: 4 0 0©t>(DT^^.„ «C3 3, C 
4 3i*IC3 4, C 4 4«B SiCfCcfc^fecDTfe-So 

3 1^b. $C4 6lC(D^l££fflt>fco 
[t46] 

T(v')= O.OOT^ + lSv'+SOOv' 2 ) 

15 13 6(1 5V — »J /^yXfA 1 0 0 0 ±fE<DTOJ#:;f 3 Xffitel? 

20 &LAj£fc\,**><DlZ'D\,*TffiH-rz>. 

S£*tt» B 1 ©ffllXfy ^TRStSttffiOk^ h U^I/^tV 'Jf-f £ 

25 L*>L. #^ll!i<Z>fBflia>7V -U >7*zsXtA 1 0 Otll «ag7f7 7'B3 
■7°B 4TK^«#fOB^:JR3£^<i:0— SS[ttS:5fiK-rS. S^iR3SW-gtL^^ 



10 
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6 2 



20 
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6 3 

ST, iiliUcf-f-^^yXfAl 0 0 £ffl^T^-7°->3 >«M£3I 

— ^ £3 ft*. 

[|gc4 7] 

C»4 8] 

r = ^ 
as 2 

H»4 9] 
[»5 0] 

0 = — 

[&5 1] 

ac 
v 

do 

ch^e>nT^^« 

;UU/'7> : Ex;UTtt, ^rit LT^>5^;i/0&£jifiii<!:LT^<S>7^\ : E> : rti 
JUd&©**£LT, ^S^MtClt^K^gT'SCch^lf ens. 7c<h 



WO 01/16819 
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6 4 

[85 2] 

0 = ^ 
dr 

Call(K,T + dT)-Call(K,T) 
dr 

C8 5 3] 

Call(K,T + <5t) - Call(K,T) = 

e"" ( c-<* JdS(S - K)P(S,r + dr) - j*dS(S - K)P(S,t)) 

ew-Ra6*/h*<r*fc«>tiTM*ii^-r^H*«*«. a* 

JU*WK T<7>& 5 4 3ta* 6 & 5 8 it iztjk-r B S jZlZ&zSl, >fc U X * / ^ * 
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15 



6 5 

[»5 4] 

rN(d,);CaU 
{N(d,)-l;Put 



[t5 5] 

0 = \ 
[$C5 6] 

r = 

10 [Ifr5 7] 
V = J 
[»5 8] 
P = \ 



SErf(d,)a . rKe -» N(d0 . Call 

2Vt 
SErf (d,)g 



2 VT 



+ rKe- rT N(-d 2 ) ;Put 



Erf (dj 
S o VT 
Erf (d,) 
S a Vr" 



;Call 



; Put 



S>/rErf (d,) ;Call 
S^ErfCd,) ;Put 



Kre- rT N(d 2 ) ;Call 
-KTe _tr N(-d 2 ) ;Put 

fc£*U Erf (x) &©<fc'3K:j£$S<£*l5S;T&5« 

C«[5 91 



20 



Erf(x) = -^_exp| 
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6 6 

i ^ 7i7 ' ->a-;ux cbs) aicts^y 3 >ffifti^- ai - 5(fc5(:I 

«**WftP (S. r) VsizmLTMmzXiZUmilZLf^tZ, Tfc 

^ I? m L tz. t £ to & X iff V> ffi £ #> -5) C £ # TT' £ -5 „ 
C*6 0] 

C.Il(K)~e-" 2s S ::;^i P(Si,r) (Si-K) 
[»6 1] 

Put(K).e-« J sLTASi P(Si,r) (K-Si) 
^T, tt*«£NftP (Si, r) fc, t>f*^Dft^©»6 2StU 
15 [»6 2] 

Si + 1 



10 



20 



/ s; _^ds P(S,r) 

P(Si,T) L*-*l 

A S i 

ddT, AS i £sfe/B±-f-#/hS<Big. *6 2 SCOfflt^SMR*^-^ 

**^r*-yyBiiiT**. 13 8ft rai;<7 J -r-«j>^ai*io5fc:*^ 

25 13 9 (a), (b) tt, PIi;<7 f Y-'J>^«|3fel 0 5l:^T. |38«f 
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6 7 

wm^-t >7°7^ Ktf^w U-tV tts^7 7ii, i^;b*$3X^<;i/#-:/T 
IrIIII (b) <D#77te* &fcRZ£<0*7i'a>mfc-ft&M1&(D!f = 7 7 
~C$) -So 

5 COf-r-'JyyyXTAlOOfl «fc OSf L < tt® 4 0 <D7 D— ^-v— h tc 

T77°S0 5). 0 3 7tC^Lfc-tf^iSMtCT, ffi^§tm3£JH£ffl ^T^i£g 
[^li^loTl^ Uf77°S10, SI 5). 

10 ;*#te^Ito*£tfTl>£l*3McW:. zl— if— ttg|39, 134 1 (a) 
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